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1. Introduction

Flavor-Chiral Symmetries of QCD at low T

U(Nf)r ® U(N¢)r * U(l)p @ S(Ny)L @ SU(N¢)r * U(l)p ® S(N¢)v

flavor :
chiral anomaly

L _ spontaneous breaking of
(explicit breaking)

chiral symmetry

QCD at high T

deconfinement (QGP)

restoration of chiral symmetry phase transition

low T U(1)3®S(Nf)v * high T U(l)B®S(Nf)L®SU(Nf)R

Questions in this study

1. Constraints to eigenvalue density: = jm Z O(A — An)

2. Constraint to singlet susceptibility:  yginglos = /d4a: (7 (2)7(0) — n(x)n(0)]



Previous studies _ Lin (HotQCD11), DW
P = fim 360 )

[ p(Im A)/V]"™ (MeV)

[ p(Im A)/V]"™ (MeV)

[ p(Im A)/V]"™ (MeV)

0.08 . . . 0.08 . .
M+ Myeg my+Mgeg
0.07 - 150 MCV Mg+ Mg - 1 0.07 r 160 MCV Mg+ Myeg 1
Cossu et al. (JLQCD11), Overlap s<wvin L gy scwwsino
SYY > [ e SYY > [ e
400 005 - E 005 - E
. . . . 3 < < o004l
- Eigenvalues distribution N¢=2 - 16°x 8_'__,__,_-——~_‘- S g M
300 o 4 003
—— 002 |
I _,—.—o—l_‘_‘_l—_ 7 ’
e B oy, TN B
200 4 001 -
T=172MeV °
100 —— 2.18am=0.05 -
008 ' ' my +‘mres """"" o0 ' ' my +‘mres """""
007 | 170 MeV  meme 1 oo} 180 MeV  mime |
0.06 A<1IJ1}}>/.717 ””””” i 006 | A<U”P>/” """"" i
SYY > [ e SYY > [ e
005 - E 005 - ,
% % 004 |
003
2.25am =0.01 0.02 +
2.20 am = 0.025
2.20 am = 0.05 001
0
0.08 . . . 0.08 . .
My +Myes M+ Myeg
0.07 - 190 MeV L 1 007 - 200 MeV Mg+ Myeg 1
006 | 0.002 ARy > foo | 006 | 0.002 ARy > [ |
ALK YY > [ e R VLTS r ——
005 E 005 f
2.30 am = 0.01 _ _
2.30 am = 0.025 < 004t < 004 f
2.30 am = 0.05 = =
003 - 003
0 100 200 300 400 500 600 002 1 002 1
Im A (MeV) 001 001 -
0 0 0.05 0.1 0.15 02 0 0 0.05 0.1 0.15 (;.2
A A
0-018'|'|'|'||'||'|'|' 1-09'01: I r )
m;/mg = 1/20 T=173.0 MeV +——+— : F T=173.0 MeV —+— m/mg =1/20 ]
0.016 T=177.7 MeV ~----- . T=177.7 MeV ~--x--- ]
3 T=188.7 MeV :--*--- T=188.7 MeV :--*--- ]
0.014 T=210.6 MeV i - T=210.6 MeV :8 ]
I T =239.7 MeV +-& - 1 1.0e-02 | T =239.7 MeV + -G~ | Ohno et al' (1 1 ), H ISQ
0.012 T=275.9 1 ) t T=2759 PeeA- -
r T=331.6 T r ]
0.01 - —_
i <
0.008 s <

I 1.0e-03 E
0.006 g

0.004
0002 f gl i 7 ] N TS G e s o
0 002004006008 0.1 012014016018 0.2 0 | 0.06éu 0.004 OI.006 | OI.008 IS a‘ ga’p Open a‘t A — O *

Aa Aa




Chandrasekharan-Christ(95), KS

25.0 ——

©

Chandrasekharan et al., (98), KS

—<XX>

20.0

15.0

10.0

5.0

0.0 ot
520 525 5.30

0.14

0.1

0.04

0.02

‘s mm=001
- ,
L3
7 L3
L]
-
E B
S i
-

B

M =5.3,m_=0.01

1.2
10
08
0.6

1 0.4

0.00

0.01 0.02
m

0.12

0.08

0.06

m

5
) —= = i @ X
] {4
N —<o— omega
—e— chi-bar-chi
—&—chi_P 13
N 12
11
IR ‘a5
PRI S T S S T T N PRI R PR [ S T S TR N SR T T O
0 0.005 0.01 0.015 0.02 0.025 0.03

1 1.4

®p=5.327,m_=0025 | 0-2

1 0.0
0.03

Bernald, et al. (96), KS

SEN I I I I I ‘ I I I I ‘ I I I I ‘ I NE

Q20 =

5 L E % E

X C 7

o 04 - ¢

2 £ [ 00 t

<l E

ig :l | | | | | ‘ | | | | ‘ | | | | ‘ | l:

45[ I I I I I ‘ I I I I ‘ I I I I ‘ I NE

3 - e

et : E

>:<> 1; ]%5@/@/@ é

:

il:l | | | | | ‘ | | | | ‘ | | | | ‘ | l:

0 2 4 6
(amq)2 x 10*
Hegde (HotQCD11), DW

200 .
160 r +

2
Xdisc/ T =

2
%5.disc/ T o

120 | ; @n'XB) 72 %)

80 | *;
4
0 m O 8 i
Q%l
0 _T[MeV], , o &

140 150 160 170 180 190 200

Xsinglet — 0

?



This talk

give constraints to eigenvalue densities of 2-flavor overlap fermions, if chiral

symmetry in QCD is restored at finite temperature.
discuss a behavior of singlet susceptibility using the constraints.

Content

1. Introduction
2. Overlap fermions
3. Constraints to eigenvalue densities

4. Discussions: singlet susceptibility



2. Overlap fermions

Action S =¢[D—-mF(D)y, F(D)=1- %D

Ginsparg-Wilson relation D75 + 5D = aDRys D

1/Ra

3
Eigenvalue spectrum M 1A — aRAAA /\
A)Qb )\Aﬁb y—° | i

-1/Ra

Propagator bulk modes(non-chiral) zero modes(chiral) 4§ doublers(chiral)
NR—|—L
Sn ()% (y) | 590 (2)0h ()75
S — mn _ mn . - -
(2,y) Zn:[fmn—m LRI W ; i (a Z ~ox (2)9 (v)
f :1+Rma,

2

A 9 NyNp _
Measure P (A) = e Sy () NsNeyr <_) H (Z%Af)\f m?)
Ra
IAA >0
2R2

2 . -
Zpp =1 = (ma)”= positive definite and even function of m # 0 for even Ny



Ward-Takahashi identities under “chiral” rotation| ¢ (#)0%¥(z) = #"@)T"ys(1 = RaD)y(z),
0% (x)oow(x) = ip(x)0%(x)T s,
S)O+6:0) = 0

* /d4 {Jz +2mP%(x)}O0 +0,0) = 0. integrated WTI

‘measure” term (anomaly)

Ji = =2itrT%5 (1—§aD) (z,2) = —3"°2i N tr s (1—§aD)( x,x
Operators
') = @I F(D(),  scala s0= s, Po= [P
Pz) = (x)T%ysF(D)y(x), pseudo-scalar

chiral rotation at N_f=2 508 = 2690 pa §0pe = —2590 8¢
605% = §28Y =2pe. §0pe =45op0 = —25°

Oy mamsms = (P (SO (PO)m(s0 N =3 n;, mi+mny =odd, n1 +ny = odd

[ lim <(5G’C’)n1,n2,n3,n4>m — O] If the chiral symmetry is restored.

m—0

50,

Eonl no,M3,N4a _nlonl—l,ng,ng,ou—i—l + n20n1,n2—1,n3—|—1,n4 T nBOnl,n2+1,n3—l,n4 + n40n1+1,n2,n3,n4—1



3. Constraints to eigenvalue densities

N=1] 010,00 =P 0°O1,0,0,0 = —25"
L 50 = ML na, 4 N (0% = 5 [ DAPL(4)0"
V mV R4+L/m + f< 1>m 7 m
—0asV — ,
m A

1 AR 2m mR Z 9 g( A2
I — 7 / d)\pAO\) \2 a 2 go(>\) " "

m J0 T mR AR — l: cut-off

_ k
o EVIEHOO—Z5( \/Nﬁ“ﬁ) Zpkw =po T A+

-} Iy = wpf + O(m)

lim lim —(SY%, =

lim <Po> =0

m—0

* <,064>m — O(m2) 1st constraint




. 1 _
N=2 X = 75 (80 = Fadme X "= —(P§ - SDnm

1 2 1
o-m _ (N2 ([ LN I > o=
e 0 a0 (3

. . 1 . . 1 A A . A
* o Vlgnoo m2—W<(N£+L)2>m = Vlgnoo m—V<NR+L P m = 7}31_)11()((,00 ) Im =0
O(m™N") O(m™N") O(m?)
These conditions are automatically satisfied.
1 1 (1 _ A A
Ry _ o A(Tm 2 A 2 [ sy MR~ A200(A)gm 1 m
o + 1> = pg ( +AR) + 2p71 +O(m), Iy = m/o dX p™(N) (2 % m) m=7z <1+2A§%
NFHQ(A)?)m
lim 770 = lim —Z = 2 lim (p9
O(me\/V—Z)




N=3 (O2001)m — 0, (—=Oo201 +201110)m — 0, (Ooo21 + 201110)m =0

(—Oo003 + 202001)m — 0,  (Ooo21 — Oo201 + O1110)m — 0,

f i 5=yt [ 204 ] =
+ positivity O(m)
* <,064>m — O(m4), <p§4>m — O(m2) 3rd constraints
4 No additional constraints
Final results
4 )
A - ay AP 4
lim (p™(A))m = lim (p3")m FO(\Y)
m—0 m—0 3'




4. Discussion:sSinglet susceptbility

Singlet susceptibility

o
X _Vgnoo m2V

= =0

singlet susceptibility becomes zero if the chiral symmetry is recovered at hight T.

(Q(A)?),, = (mNrVV=2)

This, however, does not mean U(1)_A symmetry is recovered at high T.

lim y" " = is necessary but NOT sufficient for the recovery of U(1)_A .
" —

Future new constraints at N> 4 ?

eigenvalues of Dirac operator

have a gap near zero 7 p(A)

p(A) =0 at |A| < A, Ac By




